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Abstract 
In Denmark emergency departments are newly established 
and still in a process of devising their procedures and tech-
nology support. Electronic whiteboards are a means of sup-
porting clinicians in creating and maintaining the overview 
necessary to provide quality treatment of patients. The con-
crete meaning of the notion of overview is, however, fussy. To 
explore the notion of overview and how it might be affected by 
whiteboards, we conducted a survey at two emergency de-
partments and, for reasons of comparison, a pediatric de-
partment. Our results indicate that respondents consider the 
information on their dry-erase whiteboards important to their 
overview and that they are positive toward the introduction of 
electronic whiteboards. At the emergency departments, the 
physicians’ and nurses’ overall perception of their overview 
correlates with different subcomponents of overview, suggest-
ing differences in what constitutes an overview for these staff 
groups. Respondents’ expectations toward the electronic 
whiteboards are to a considerable extent explained by 
whether they perceive that the electronic whiteboards will 
improve patient treatment. This finding applies across staff 
groups. Several significant differences between the emer-
gency-department respondents and the pediatric respondents 
call for caution in transferring electronic whiteboards de-
signed for emergency departments to other departments.  
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Introduction 
An important element of the clinical work at departments that 
treat acute patients consists of forming and maintaining an 
overview [1-3]. The emergency departments that have newly 
been established at Danish hospitals are a prominent example 
of such departments. At emergency departments, the support 
for clinical overview includes whiteboards with carefully se-
lected, frequently updated, and highly visible information 
about patients [2, 4, 5]. The reorganization associated with the 
establishment of the Danish emergency departments is an oc-
casion for reconsidering what clinical overview means and 
how it may be supported. Another occasion is the possibility 
of replacing dry-erase whiteboards with electronic white-
boards that can directly access and modify information in 
electronic patient records. 
In this paper, we report from a survey of Danish emergency-
department clinicians’ perception of overview, their experi-
ences with dry-erase whiteboards, and their expectations to-
ward the electronic whiteboards currently being introduced at 
their departments. The electronic whiteboards give one row of 
information for each patient, including information such as 
time of arrival, room, name, age, triage level, problem, re-
sponsible physician, responsible nurse, and next action. That 
is, the electronic whiteboards largely mimic dry-erase white-
boards in content and structure. While the electronic white-
boards are at present updated manually, they will gradually be 
extended with automatically updated fields of information, for 
example heart rate and other vital signs. The survey aims to 
inform the ongoing work to improve the electronic white-
boards. To achieve this aim we explore the notion of overview 
and how whiteboards may support overview. 
Technological developments, cross-disciplinary patient trajec-
tories, and documentation requirements lead to the recording 
of still more information about patients and a concomitant risk 
of information overload among clinicians. Thus, providing 
clinicians with the right information is obviously important to 
their overview. Previous work on clinical overview also 
shows that the layout of the information in consistent patterns 
contributes substantially to clinicians’ overview by indicating, 
at a glance, which parts of a form contain much information 
and warrant further attention [3], by aligning information 
temporally, which often hints at causal relationships [6], and 
by presenting information in compact graphics [7]. In addi-
tion, we want to distinguish between aiming for an overview 
of a single patient and of the group of patients admitted at a 
department. This distinction is important because overview is 
relative to the task at hand, and the clinical tasks at the patient 
level differ from those at the department level. A department-
level overview is, for example, also a matter of logistics and 
resources, in addition to the clinical patient data, which are 
primary to a patient-level overview. The focus in this paper is 
on department-level overview. 
Survey Methodology Table 1 – Resulting response rates 
Department Staff 
members 
Responses Response 
rate To investigate department-level overview we conducted a 
survey at two emergency departments and, for reasons of 
comparison, a pediatric department. The survey was approved 
by the management of the three departments and by the 
healthcare region’s department for quality and development. 
ED1 62 33 53% 
ED2 69 28 41% 
Pediatric 56 29 52% 
Respondents Total 187 90 48% 
The two emergency departments, ED1 and ED2, were estab-
lished in April 2009 by uniting previously separate depart-
ments under one management and starting to establish proce-
dures for ED1 and ED2. ED1 has about 30 beds divided onto 
a fast-track area, an acute area, and an acute-medical area. 
ED2 has about 15 beds divided onto a fast-track area and an 
acute area. The pediatric department is a longstanding de-
partment with about 22 beds. The staff at the three depart-
ments consists of physicians, nurses, auxiliary nurses, and 
secretaries. 
The questionnaire was distributed to all staff at the three de-
partments, a total of 187 people. We received 84 full and 18 
partial responses, for an overall response rate of 55%. Re-
sponses were included in the analysis if half or more of the 
questionnaire had been completed. This led to discarding 12 
partial responses. Table 1 gives the resulting response rates 
for the 90 responses included in the data analysis, distributed 
on the three departments.  
Table 2 – Survey questions analysed in this paper 
Id Question 
Q3 Overall, I have the overview I need in my work 
Q4 I have an overview of the patients’ condition 
Q5 I have an overview of the relative priority of the patients 
Q6 I have an overview of ongoing and planned patient treatments 
Q7 I have an overview of who is presently responsible for which patients 
Q8 I have an overview of the occupancy level in my area of the department 
Q9 I have an overview of the patients who are on their way but have not yet arrived at the department 
Q10 I have an overview of the patients in the waiting room 
Q11 I have an overview of the occupancy level in the other areas of the department 
Q12 The information on the dry-erase whiteboards is important to my overview 
Q13 The information on the dry-erase whiteboards is available when and where I need it 
Q14 The information on the dry-erase whiteboards is easy to understand 
Q15 It is fast and simple to update the information on the dry-erase whiteboards 
Q16 The dry-erase whiteboards are pivotal to important collaborative activities among the clinicians 
Q18 Overall, it is a good idea to introduce the electronic whiteboards 
Q19 It will likely take a long time to incorporate the electronic whiteboards in the daily work practices 
Q20 The electronic whiteboards will, over time, lead to improvements in the treatment of the patients 
Q21 The electronic whiteboards will become pivotal to important collaborative activities among the clinicians 
Q22 The electronic whiteboards will be used by clinicians individually to an extent that reduces each clinician’s overview 
Q23 The electronic whiteboards will reduce the clinicians’ shared understanding of their work situation 
Q24 The electronic whiteboards will always be up to date 
Q25 I like to start using new technology 
Survey questionnaire  Q3 
  ED1 (N = 28) The questionnaire consisted of 39 questions, of which 36 were 
fixed-response questions and 3 were free-text questions. In 
this paper we analyse the 22 questions concerning the clini-
cians’ perception of their overview, their experiences with the 
dry-erase whiteboards, and their expectations toward the elec-
tronic whiteboards, see Table 2. Responses to these questions 
were indicated on seven-point rating scales with the end 
points Disagree (1) and Agree (7). All questions had an addi-
tional response option of Don’t know. 
  ED2 (N = 32) 
  Pediatric (N = 29) 
 Q12 
  ED1 (N = 25) 
  ED2 (N = 33) 
  Pediatric (N = 26) Procedure 
 Q18 
The survey was administered when the departments started 
pilot using the electronic whiteboards that were to replace 
their dry-erase whiteboards. This happened in December 2009 
at ED1, in January 2010 at ED2, and in March 2010 at the 
pediatric department. At each department the survey was ad-
ministered a few days after they had started pilot using the 
electronic whiteboard.  
  ED1 (N = 25) 
  ED2 (N = 31) 
  Pediatric (N = 21) 
Each staff member received an email with a link to the online 
questionnaire. The email also guaranteed that no individual 
respondent would be identifiable in the reportings from the 
survey and informed the staff that their department manage-
ment approved of the survey. Staff members who did not re-
spond within ten days received a reminder. A second reminder 
was sent to staff who did not respond within another ten days. 
Figure 1 – Distribution of responses to Q3, Q12, and Q18. 
Legend: rating 1 (disagree) – leftmost white, through rating 4 
(neutral) – black, to rating 7(agree) – rightmost white 
Data analysis 
We used non-parametric Kruskal-Wallis tests to analyse se-
lected questions for effects of department and staff group. 
And, we used linear regression to analyse which questions 
contributed to explaining the variation in the respondents’ 
overall perception of their overview (Q3) and in their overall 
expectations toward electronic whiteboards (Q18). To deter-
mine the regression models we used a standard procedure of 
backward elimination [8]; that is, we initially included a set of 
questions in the analyses and then sequentially removed the 
question that contributed the least to explaining the variation 
in the responses to Q3 and Q18. This removal process contin-
ued as long as the significance of the F-test of the removed 
question exceeded 0.1. The resulting regression models in-
clude the questions that contribute appreciably to explaining 
the variation in the overall perception of overview and in the 
overall expectations toward electronic whiteboards, and they 
exclude the other questions. In all analyses Don’t know re-
sponses were treated as missing values. 
Results 
Figure 1 shows the responses to three key questions in the 
survey. The median ratings for Q3 are 5, 5, and 6 for ED1, 
ED2, and Pedriatric, respectively, and thus at the positive end 
of the scale. This indicates that the respondents find that they 
tend to have the overview they need in their work. A Kruskal-
Wallis test shows a significant effect of department, χ2(2, 
N=89) = 6.94, p < 0.05, with Pediatric respondents reporting 
that they have less of an overview than ED2 respondents. The 
information on the dry-erase whiteboards is perceived to be 
important to respondents’ overview, as indicated by median 
ratings of 7, 7, and 5 to Q12 for ED1, ED2, and Pediatric, 
respectively. A Kruskal-Wallis test shows a significant effect 
of department, χ2(2, N=84) = 13.71, p < 0.001, with Pediatric 
respondents considering the whiteboard information less im-
portant to their overview than ED1 and ED2 respondents. In 
spite of this positive assessment of the dry-erase whiteboards, 
the respondents consider the introduction of the electronic 
whiteboards a good idea, as indicated by median ratings of 7, 
7, and 6 to Q18 for ED1, ED2, and Pedriatric, respectively. A 
Kruskal-Wallis test shows a significant effect of department, 
Table 3 – Regression models of the emergency-department clinicians’ overall perception of their overview 
R2 N Departments Staff group Resulting predictor variables Significance test 
F(1, 9) = 40.41, p < 0.001 ED1 and ED2 Physicians Q5 82% 11 
F(4, 30) = 11.55, p < 0.001 ED1 and ED2 Nurses Q6, Q8, Q5, Q4 61% 35 
ED1 and ED2 Auxiliary nurses - - 3 - 
F(1, 10) = 4.08, p = 0.07 ED1 and ED2 Secretaries Q10 29% 12 
χ2(2, N=77) = 7.84, p < 0.05, with Pediatric respondents being 
less positive about the introduction of the electronic white-
boards than ED1 respondents. 
Table 3 elaborates on the emergency-department respondents’ 
perception of their overview by regressing Q4 to Q11 on Q3. 
The resulting regression models are significant for physicians 
and nurses. For physicians the variation in Q5 explains 82% 
of the variation in Q3, indicating that the prioritizing of the 
patients is central to the physicians’ sense of having the over-
view they need. For nurses the combination of Q6, Q8, Q5, 
and Q4 (in order of decreasing explanatory power) explains 
61% of the variation in Q3, indicating that the nurses feel they 
have the overview they need when they have an overview of 
the ongoing and planned patient treatments, the occupancy 
level in their area, the relative priority of the patients, and the 
patients’ condition. For secretaries the regression model ap-
proaches significance and, thereby, suggests that having an 
overview of the patients in the waiting room (Q10) may be 
important to the secretaries’ sense of having the overview they 
need. (For auxiliary nurses, there were too few respondents to 
perform the regression analysis.) 
The high perceived value of the dry-erase whiteboards (Q12) 
is corroborated by Q13 through Q16. The clinicians at ED1 
and ED2 experience that the information on the dry-erase 
whiteboards tends to be available when and where needed 
(Q13), to be easy to understand (Q14), to be fast and simple to 
update (Q15), and that the whiteboards tend to be pivotal to 
important collaborative activities among the clinicians (Q16) 
with median ratings of 5, 6, 6, and 6, respectively. Kruskal-
Wallis tests show no effect of staff group for these questions 
(Q12: χ2(3, N=58) = 7.59, p = 0.06; Q13: χ2(3, N=58) = 5.31, 
p = 0.2; Q14: χ2(3, N=59) = 4.06, p = 0.3; Q15: χ2(3, N=59) = 
2.60, p = 0.5; and Q16: χ2(3, N=56) = 7.18, p = 0.07). 
Table 4 elaborates on the emergency-department respondents’ 
expectations toward the electronic whiteboards by regressing 
Q19 to Q25 on Q18. The resulting regression models are sig-
nificant for physicians, nurses, and secretaries. For physicians 
and nurses the variation in Q20 explains 76% and 72%, re-
spectively, of the variation in Q18, indicating that their expec-
tation as to whether the electronic whiteboards will lead to 
improvements in the treatment of the patients is central to 
their overall perception of whether it is a good idea to intro-
duce the electronic whiteboards. For secretaries the combina-
tion of Q23 and Q20 explains 52% of the variation in Q18. 
Thus, the importance of improvements in the treatment of the 
patients is reiterated, but for the secretaries it is combined 
with a concern that the electronic whiteboards may reduce the 
clinicians’ shared understanding of their work situation. 
For reasons of comparison we also regressed Q19 to Q25 on 
Q18 for the Pediatric department, N = 24. The resulting re-
gression model is significant, F(2, 21) = 14.70, p < 0.001, and 
shows that the combination of Q20 and Q25 explains 58% of 
the variation in Q18. Again, the clinicians’ assessment of the 
introduction of the electronic whiteboards is partly explained 
by their perception of whether these whiteboards will lead to 
improvements in the treatment of the patients. The other factor 
explaining part of the variation in the Pediatric clinicians’ 
assessment of the introduction of the electronic whiteboards is 
whether they personally like to start using new technology. 
Discussion 
The surveyed emergency-department clinicians find that over-
all they tend to have the overview they need in their work, and 
they consider their dry-erase whiteboards important in form-
ing and maintaining this overview. In spite of this positive 
state of affairs, the clinicians generally welcome the electronic 
whiteboards that are being introduced in place of the dry-erase 
whiteboards. Such a positive reception improves the chances 
that the clinicians will overcome any initial difficulties with 
the electronic whiteboards and will seek to adapt their work 
practices to assimilate the electronic whiteboards. The positive 
reception is, however, likely to be short-lived unless expecta-
tions are quickly confirmed by experience. 
We see five implications of the survey results for the design of 
electronic emergency-department whiteboards. These implica-
tions should, however, be interpreted in light of the limited 
number of survey respondents. The five implications are:  
First, there are large differences across staff groups in the is-
sues that explain the variation in the clinicians’ perception of 
whether they have the overview they need. For the physicians 
a single issue dominates, namely clarity about the relative 
priority of the patients; for the nurses this issue recurs but in 
combination with three other issues; and for the secretaries 
these four issues may be replaced by a fifth issue, namely hav-
ing an overview of the patients in the waiting room. This 
strongly suggests that emergency-department whiteboards 
must simultaneously support disparate sets of need. While this 
may seem banal, it emphasizes the importance of involving all 
relevant staff groups in the design work, and it suggests that 
the value of a whiteboard may in part be to bring these 
Table 4 – Regression models of the emergency-department clinicians’ overall expectations toward the electronic whiteboards 
R2 N Significance test Departments Staff group Resulting predictor variables 
F(1, 8) = 24.66, p < 0.01 ED1 and ED2 Physicians Q20 76% 10 
F(1, 30) = 77.41, p < 0.001 ED1 and ED2 Nurses Q20 72% 32 
ED1 and ED2 Auxiliary nurses - - 3 - 
F(2, 8) = 6.46, p < 0.05 ED1 and ED2 Secretaries Q23 (-), Q20 52% 11 
groups’ different views together in one coherent interface [2]. 
Second, it is notable that the variation in the staff groups’ per-
ception of having the overview they need is not, to an appre-
ciable extent, explained by the variation in respondents’ over-
view of who is responsible for which patients (Q7), of the 
patients who are on their way but have not yet arrived (Q9), 
and of the occupancy level in the other areas of the depart-
ment (Q11). While these issues may still be important to sin-
gle individuals among the clinicians, their negligible overall 
importance suggests that design features aiming to support 
these issues should only be included in the whiteboards if 
these design features do not conflict with other design fea-
tures. 
Third, across staff groups the dominant issue in explaining the 
variation in the emergency-department clinicians’ overall ex-
pectations toward the electronic whiteboards is whether they 
perceive that the whiteboards will lead to improvements in the 
treatment of the patients. The only other issues that explain 
part of the variation in overall expectations are a concern that 
the whiteboards may reduce the clinicians shared understand-
ing of their work situation and (for the Pediatric department) 
whether the clinicians personally like to start using new tech-
nology. Other studies have frequently found that people’s 
early assessment of a system is also affected by their expecta-
tions about the effort required to adopt the system [9]. The 
absence of such findings in our survey may suggest that the 
clinicians perceive the electronic whiteboards as a simple sys-
tem, the adoption of which does not present a learning barrier. 
Fourth, while the emergency-department staff groups differ in 
their responses, we find no differences between the two emer-
gency departments in their responses to key survey questions. 
This is the case in spite of differences in the organization of 
work at ED1 and ED2. Consequently, we may hope that with 
small differences in its setup the same electronic whiteboard 
can be used at multiple emergency departments. Conversely, 
we find several differences between emergency-department 
responses and pediatric-department responses. This suggests 
that more caution – and redesign – is required in transferring 
the electronic whiteboard from an emergency department to 
another type of department. 
Finally, it is worth repeating that the clinicians at both emer-
gency departments perceive the whiteboards as important to 
their overview and, thereby, to their competent performance 
of their work. This calls for care in the design of the electronic 
whiteboards and in the incorporation of these whiteboards into 
the daily work practices at the departments. 
Conclusion 
To perform competently emergency-department clinicians 
must be able to gain and maintain an overview. The dry-erase 
whiteboards the clinicians have hitherto depended on for in-
formation important to their department-level overview are 
now in the process of being replaced with electronic white-
boards. At the time when they started to use the electronic 
whiteboards, the surveyed clinicians displayed staff-group 
differences in their notion of overview, had positive expecta-
tions toward the whiteboards, appeared to base their overall 
expectations mainly on whether they expected the white-
boards to produce improvements for the patients, and dis-
played no differences across emergency departments in res-
ponses to key survey questions. In future work we will com-
pare the clinicians’ expectations with their experiences after 
extended use of the electronic whiteboards, and we will feed 
insights from the survey back into the design process to ex-
ploit the possibilities of electronic whiteboards and, where 
relevant, move beyond mimicking dry-erase whiteboards. 
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